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ABSTRACT 


Dow Coming's objective is to detern ine tie best process for the high- 
volunne production of solar-grade silicon (SoG-5i) at less than $10/kg within the 
ERDA milestone of having a pilot plant avail ib*e by mid- 1980. 

The overall process screening approach (Visual Aid Z) which began with 
over 200 possible reactions leading to silicon has reduced this number to ten 
(V.A.3.) which still fall within the consti atints mentioned above. Two of these 
reactions involve the direct reduction of silica o silicon via aluminum or 
carbon^. Seven other reactions involve the us of various reductants to convert 
silica to silicon via intermediate silicor mono> :de. The tenth reaction uses 
recyclable SiF 4 to transport in situ produced sTicon via intermediate SiF^J 
this is currently under study by the University of Pennsylvania. 

The reactions described above, in addition to processes involving 
silicates and/or electrolytic techniques, have been divided into two broad 
categories (V.A.4.): (1) metallurgicalgrade silicon (MG-Si) process upgrading, 
and (2) other processes. This was done since the commercial process for 
producing MG-Si already meets the high-vo!ume, low-cost guidelines for 
SoG-Si'^=*' and, therefore, has a good probabjlity of meeting the mid- 1980 pilot 
pl^ t milestone. The ’’other processes: ar.i still in the conceptualization or 
research stage* 

Upgrading the MG-Si process is being pursued in four associated areas in 
order to improve the purity of the normally 98^u material ' * . A. 5.)* The first 
two work areas involve purification of raw materials entering the process in 
addition to upgrading the arc furnace itself. These areas will be pursued, 
assuming contract extension. Success appears very favorable based upon 
suggestions from raw materials suppliers, arc furnace manufacturers, and 
MG-Si producers (B.A.9.). 

The second two areas of process upgrading comprise improving the purity 
of the silicon after it leaves the arc furnace by reactive gas Mowing and uni- 
directional freezing. Since both methods have beei shown reduce aluminum 
and heavy metal impurities by one to two orders-of-ma ^'^vitude (V.A.7.), it is 
planned to study these methods in conjunction in a sp ially designed gradient 
furnace. Neither of the two methods, however, significantly reduce the levels 
of boron or phosphorus thereby stressing the neen for initiating efforts in the 
raw material and arc furnace areas. The deliv ery time for an experimental 
arc furnace results in this item being on the critical path for meeting the mid- 
1980 pilot plant milestone (V.A. 14). 


This is today's commercial, submerged-electrode, arc furnace process for 
metallurgical-grade silicon. 

One furnace can generate greater than i0,000 tons per year of MG-vSi selling 
at $1 /kg. 
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The best cell produced to date was fabricated from MG-Si that had been 
blown with an 02 “Cl 2 mixture, unidirectionally solidified, and 6-float-zone 
passed (to determine a base boron level of 0.04 ohm-cm). The cell showed a 
10.7% AMO efficiency with Isc ” ma/cm^ and Vqc “ 0.62 v (V.A.8.). 

In the ‘’oth-^^r processes** category, the use of silicates as a silicon 
source and of electrolysis as a process were studied. Silicates were deemed 
unfavorable since their inherent chemical composition involves the presence of 
another metallic element (V. A. 11.). The best electrolytic process uses a 
1000®C fused salt of silica in cryolite. Preliminary analysis of this process 
was viewed pessimistically for the reasons cited in V. A. 10. 

A summary of key results appears in Visual Aid 12. 

Summarized future plans appear in Visual Aid 15. 
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DOM CORNING OBJECTIVE 


To Determine The Best Process For 
Producing Silicon For Solar Arrays 


• At <$10/k6 

• At High Volume Rates 

• Within Erda Milestones 







V .t\, J 


REMAINING PROCESSES 


No. 

Reactions 


1975 Raw Mat'l. 
Cost For Reaction 
($Ag Si) 


Reaction Type 


2 


0.12 for C 
0.97 for A1 


C* or A1 

Si02 ► Si 


1 


0.12 

(SiF^ recycled) 


2C SiF. 

SiO, ►Si ►2SiF- ►Si 

^ -SiF. 

4 


7 


0.12 min. to 
2.06 max. 


Al f Cf 
Si02 


or Mg 

►SiO 


Al, C, H_ or Mg 
►Si 


* Commercial Arc Furnace Process 
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V.A.4. 


PROCESS CATA60RIZATI0N 


• Upgrading the Metallurgical-Grade Si Process 

• A PROVEN COMMERCIAL PROCESS 

• Capable of meeting milestones sooner than 
R&D stage processes 

• All Si compounds from reduction of quartzite 

• Current MG-5 ts $1/kg 

• Present rates >10/000 t/y per furnace 


• Other Processes 

• SiO generated in arc furnace 

• S1F2 TO transport Si 

• Electrolytic 

• Silicates 


0 
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V.A.5 


UPGRADING MG-SI PROCESS 



AREAS OF WORK 
I. RAW MATERIALS 


I I . ARC FURNACE 


III. REACTIVE GAS 

BLOWING AND/OR 
SLAGGING 


IV. UNIDIRECTIONAL 
SOLIDIFICATION 


IMPURITY 

STATUS 


B REMOVED? 

P + OTHERS TO 
BE TESTED. 


B,P, + OTHERS 
TO BE TESTED. 


AL 6 HEAVY 
METALS RE- 
MOVED. 


AL 6 HEAVY 
METALS RE- 
MOVED. 


01 


DO'*/ cc"y. '0 C'' ' 




UPGRADING M6-SI BY 
UNIDIRECTIONAL SOLIDIFICATION 
(WORK AREA IV) 


Impurity Levels 
(ppma) 


Impurity 

MG-Si 

CZO 

Seed 

CZO 50Z 
Point 

B 

39 

39 

44 

P 

37 

23 

21 

Al 

780 

<10 

60 

Cu 


< ^ 

< 4 

Fe 

910 

< 5 

140 

Heavy 

Metals* 

20-150 

< 6 

< 5-20 


Ti/ V/ Cr, MN/ Ni 
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V.A.7. 


UPGRADING MG-SI BY 
REACTIVE GAS BLOWING 
(WORK AREA III) 


Best Data To Date Via Emission Spectroscopy 



Impurities in FIG-Si 
(ppma) 


Not 

Cl2 

^2 

Impurity 

Blown 

Blown 

Blown 

B 

39* 

38* 

36* 

P 

23 

21 

23 

Al 

1600 

83 

470 

Cu 

35 

4 

4 

Fe 

1600 

40 

40 

Heavy 




Metals+ 

50-100 

< 5 

5-40 


* ohm- CM BY FZ evaluation 
+ Ti/ V, CR/ Hn. Ni 


rx)3 
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V.A.8 
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V.A.9. 


UPGRADING POLY-SI PROCESS 
(WORK AREAS I a II) 

I. RAW MATERIALS 

• Impurities Flow Through Furnace 

•Quartzite Can Be Upgraded (B < 1 ppma) 

• Carbon Sources Can Be Upgraded 

• Effect Of B From Raw Mat"l Poly-Si Documented 

II. ARC FURNACE 

•Upgrade Liner, Tap Hole Plu^' Ladle, Etc. 

• Needed To 

• Test Raw Materials 

• Generate SiO 

•Have Visited Manufacturers of Arc Furnace and Poly-Si 
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V.A.IO. 


OTHER PROCESSES 
• ELEpiROLYTIC (BEST) 



S1O2 IN NA^SiFg 

Electrolysis 

^ Arc 
Furnace 

Technology Extent 

Experimental 

Commercial 

Production Rate 
(K s Si /HR) 

0.1 

1000-2000 

Si Purity 
(Wt. %) 

99 

98 

Process Eneroy 
(KMH/Ko Si) 

34 

13 


Pessimistic Due To 

• ^ Orders-Of-Magnitude Lower Rate 

• Same Purity Level 

• Higher Process Energy 
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V.A.ll. 


OTHER PROCESSES 


• SILICATES (E.G., Al2Si2^7 = AL2O3 • 2S1O2) 

•Ruled Out Due To Inherent Impurity Content 
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V.A.12. 


SUMMARY OF KEY RESULTS 


Ten Processes Remain In Running 

M6-S1 Upgrading Furthest Advanced Commercially 
S1F2 By University of Pennsylvania 
Al Reduction of S1O2 Remains 
Rest Involve SiO 

M6“Si Upgraded 

Using Gas Blowing 

Using Unidirectional Solidification 
10.7% Efficient Cell Produced 

Criticality Of Experimental Arc Furnace Identified 
Electrolysis Processes Viewed Pessimistically 
Silicates Ruled Out 
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V.A.13. 


MAJOR PROBLEMS 

TECHNICAL 

• Removal Of B <\nd P 
COST 

• Capital For Experimental Arc Furnace 

• Manpower To Implement All Program Phases 

SCHEDULE 

• Meeting ERDA Milestones 
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ACTION REQUIRED TO flEET PILOT PLANT MILESTONE v.a.i.4. 
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V.A.15. 


SIX mm GOALS under 

REQUESTED CONTINUATION OF FUNDING 

PERIOD: 15 July 1975 - 14 January 1976 

COST: $56^600 Original Estimate 
$129^529 Current Request 

MAJOR GOALS (Assumes Interfacing With JPL Program) : 

• MG-Si Upgrading 

10/75 SUGGING FEASIBILITY DETERMINED 

10/75 Purchase of experimental arc furnace initiated 

11/75 Feasibility determined of combined blowing/freezimg 

IN GRADIENT FURNACE 

12/75 Raw materials available for upgrading 

12/75 Puns complete for external arc furnace experiments 

• Silicon Monoxide 

10/75 Process potential evaluated 
12/75 Experiments initiated 

•Aluminum Reduction of Quartzite 

7/75 Energy analysis performed • 

9/75 Process potential evaluated 
12/75 Experiments initiated 

• Energy Analysis 

9/75 Complete from quartzite to cell 
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